Background: We aimed to estimate whether elevated levels of complement C3a and C5a in amniotic fluid (AF) are independently associated with increased risks of intra-amniotic infection and/or inflammation (IAI) and spontaneous preterm delivery (SPTD) in women with cervical insufficiency or a short cervix (≤ 25 mm). Methods: We conducted a retrospective cohort study of 96 consecutive women with cervical insufficiency (n = 62) or a short cervix (n = 34) at 17 to 27 weeks, and who underwent an amniocentesis. AF was cultured and analyzed for C3a and C5a by enzyme-linked immunosorbent assay kits. The primary outcome measures were IAI (defined as a positive AF culture and/or an elevated AF interleukin-6 level [≥ 7.6 ng/mL]) and SPTD at < 32 weeks. Results: In multivariable analysis, AF level of C3a was the only variable significantly associated with IAI, whereas C5a level in AF and serum C-reactive protein level were not associated with IAI. Using SPTD at < 32 weeks as the outcome variable in logistic regression, elevated AF levels of C3a were associated with increased risk of SPTD at < 32 weeks after adjusting for other baseline confounders, whereas elevated AF levels of C5a were not.
INTRODUCTION
Cervical insufficiency and a mid-trimester short cervix, which may be understood to occur along a continuum of severity, complicate approximately 0.1%-2% of all pregnancies 1,2 and 0.5%-3% of asymptomatic singleton pregnancies, 3, 4 and are important causes of spontaneous preterm delivery (SPTD). 5 Although the causes for cervical insufficiency/short cervix and for the consequent SPTD may be multiple, intra-uterine infection/inflammation and premature cervical change are thought to be the major potential mechanisms underlying these context-dependent causes. 5-7 However, little is known about the possible biomarkers, opening a window into understanding these biological mechanisms and those involved in disease etiologies, which lead to the development of more effective prevention and treatment strategies for SPTD.
In 1899, Bordet reported that activation of the complement system, which plays a central role in innate immunity, generates anaphylatoxins (C3a, C4a, and C5a). It is well known that the anaphylatoxins function as a bridge between the innate and adaptive immunity and are responsible for controlling the local pro-inflammatory response through various mechanisms, including activation of leukocytes and chemotaxis. 8, 9 Subsequently, several studies have focused on the relationship between the anaphylatoxins, immunoinflammatory disease, and complications of pregnancy (e.g., SPTD, preeclampsia, spontaneous fetal loss), and have shown significant associations with the disease. 8 In particular, increased anaphylatoxins generated by activation of the complement system in the amniotic fluid (AF; C3a, C4a, and C5a) and maternal blood (C5a) have been reported to be associated with intra-amniotic infection in preterm labor in several publications. 10-12 Importantly, in a mouse model of infection-induced preterm labor, Gonzalez et al. 13, 14 have shown that complement activation in serum plays a causative role in cervical remodeling that leads to preterm delivery, suggesting that the increase in complement activation fragments may be related to cervical dilatation and effacement. However, to date, there is no information regarding activation of the complement system in AF in women with cervical insufficiency/short cervix in relation to intra-amniotic infection and/or inflammation (IAI) and SPTD. This study aimed to determine whether elevated levels of complement C3a and C5a in AF are independently associated with an increased risk of IAI and SPTD in women with cervical insufficiency or a short cervix (≤ 25 mm).
METHODS

Study design
A retrospective study was conducted from September 2004 through September 2014 at Seoul National University Bundang Hospital (Seongnam, Korea) . The study population consisted of all pregnant women with singleton pregnancies diagnosed with cervical insufficiency or a short cervix (≤ 25 mm) at 17 + 0 and 27 + 6 weeks of gestation, who underwent amniocentesis. Women with the following conditions were excluded: a dead fetus, preterm labor, or preterm premature rupture of the membranes at diagnosis, prior cervical cerclage, multiple pregnancy, clinical signs of chorioamnionitis, unavailable outcome data, a missing AF sample, and major fetal congenital anomalies. Gestational age was calculated based on the last menstrual period, and first trimester or second trimester (≤ 20 weeks) ultrasound results, when available. The primary outcome measures were IAI and SPTD at < 32 weeks of gestation.
AF sample and analysis of complement C3a and C5a levels in the AF
At the time of admission, AF samples were obtained from all participants via transabdominal amniocentesis to evaluate the microbiologic and inflammatory status of the amniotic cavity and/or to reduce tension in the amniotic cavity and allow for retraction prior to cerclage placement. The retrieved AF was sent to the laboratory for culture of aerobic/anaerobic bacteria and genital mycoplasmas (Ureaplasma urealyticum and Mycoplasma hominis), the methods for which have previously been described in detail elsewhere. 15 The remaining AF was centrifuged at 1,500 × g at 4°C for 10 minutes, and the supernatant was aliquoted and stored at −70°C until complement analysis was completed. Enzyme-linked immunosorbent assay (ELISA) kits were used to measure interleukin (IL)-6 (DuoSet ELISA; R&D Systems, Minneapolis, MN, USA) and complement C3a and C5a (BD Biosciences, San Diego, CA, USA) in the AF samples, according to the manufacturer's instructions. The ranges of the IL-6, C3a, and C5a standard curves were 7.8-600 pg/mL, 0.078-2.5 ng/mL, and 0.08-2.5 ng/mL, respectively. All the samples were assayed in duplicate. The intra-and inter-assay coefficients of variation were < 10% each. C-reactive protein (CRP) in maternal blood was usually measured within 2 to 3 hours of amniocentesis.
Definitions of various factors and management of cervical insufficiency and/ or a short cervix
Intra-amniotic infection was defined as a positive AF culture for microorganisms; intraamniotic inflammation was defined as elevated AF concentrations of IL-6 (IL-6 ≥ 7.6 ng/mL), as previously reported by our group in cervical insufficiency/a short cervix. 16 IAI was defined as a positive AF culture and/or the presence of intra-amniotic inflammation. Cervical insufficiency was defined as a painless cervical dilation ≥ 1 cm and bulging of the fetal membranes into a widened internal os determined via visual evaluation using a sterile speculum, in the absence of contractions and labor. A short cervix was defined as a cervical length of ≤ 25 mm on transvaginal sonographic assessment. Cervical length was measured using the standard technique, as previously described in detail elsewhere. 17 Women with suspected cervical insufficiency and visible fetal membranes were considered as a nonmeasurable cervical length (described as 0-mm cervix). The detailed description of our management of cervical insufficiency or a short cervix has been previously published elsewhere. 16, 18 In brief, the decisions on the placement of a cervical cerclage, progesterone supplementation, and antibiotic and tocolytic treatments were left to the discretion of the attending obstetrician. Antenatal corticosteroids were administered between 24 and 34 weeks of gestation. Medications such as antibiotics, corticosteroids, and tocolytics were started after amniocentesis. A histologic diagnosis of chorioamnionitis was made in accordance with the definition previously described in detail. 19 Clinical chorioamnionitis was diagnosed in accordance with the criteria proposed by Gibbs et al. 20 
Statistical methods
The Shapiro-Wilk test was used to assess whether data in groups were normally distributed. Continuous data were analyzed using the Student's t-test or Mann-Whitney U test, while categorical data were compared using the χ 2 test or Fisher's exact test, as appropriate. A multivariate logistic regression analysis was then performed to determine the independent relationship between complement C3 and C5a levels in AF and the primary outcome measures after adjusting for potential baseline variables showing a significant association with these outcomes in univariate analysis (P < 0.05). In multivariable analyses for outcome of SPTD at < 32 weeks in which the ratio of the number of events per independent variable analyzed is too small, the validity of the logistic model could be questionable. 21 Therefore, we first 3/10 https://jkms.org https://doi.org/10.3346/jkms.2018.33.e220
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attempted to determine the candidate independent variables included in the final regression model using a backward stepwise selection, with a P value of < 0.05 as a criterion for model inclusion; thereafter, these independent variables were evaluated in a full logistic regression model. 22 Continuous variables were examined for linearity in the logit by using link test. 23 The Spearman rank correlation test was used to measure the relationship between the continuous variables that did not follow a normal distribution. All statistical analyses were performed using a two-sided test, with a significance level of 0.05. Statistical analyses were performed using the SPSS version 22.0 for Windows (IBM SPSS Statistics, Chicago, IL, USA).
Ethics statement
The study was approved by the Institutional Review Board (IRB) of Seoul National University Bundang Hospital (IRB No. B-1311/228-010). The patients provided written informed consent for the amniocentesis procedure and use of the AF samples for research purposes.
RESULTS
During the study period, 96 women with cervical insufficiency (n = 66) or an asymptomatic short cervix (n = 30) met the eligibility criteria and were included in the final analysis. Their mean gestational age at the time of sampling was 22.0 (standard deviation, 2.3 weeks; range, 17.1-27.5) weeks. The prevalence of positive AF culture and intra-amniotic inflammation was 9.4% (8/96) and 29.2% (28/96), respectively. Intra-amniotic inflammation was present in 75% (6 of 8) of the women with a positive AF culture and in 25.6% (22 of 86) of women with a negative AF culture. The microorganisms isolated from the amniotic cavity were U. urealyticum (n = 8) and M. hominis (n = 4). Polymicrobial invasion was detected in 4 out of 8 women (50%). SPTD at < 32 weeks of gestation occurred in 45.8% (44/96) of women.
The levels of AF C3a, C5a, and IL-6 were significantly correlated with each other (all variables, r = 0.225-0.430; P < 0.05). Cervical dilatation was significantly correlated with AF IL-6 (r = 0.406; P < 0.001) but not with the levels of AF C3a (r = 0.101; P = 0.331) or C5a (r = 0.108; P = 0.299). Similarly, cervical length was also significantly correlated with AF IL-6 (r = −0.426; P < 0.001) but not with the levels of AF C3a (r = −0.164; P = 0.111) or C5a (r = −0.181; P = 0.078). However, there was no correlation between the C3a, C5a, and IL-6 levels measured in the AF and gestational age at sampling. Table 1 shows the demographic and clinical characteristics of the women according to the presence or absence of IAI. Compared to women without IAI, those with IAI had a significantly higher mean serum CRP level, more advanced cervical dilatation, and a lower mean gestational age at delivery. Moreover, the mean AF levels of C3a, but not C5a, were significantly higher in women with IAI than in those without IAI. However, there were no significant associations between IAI and maternal age, nulliparity, prior spontaneous preterm birth, disease entity, and cervical length and gestational age at the time of amniocentesis. Table 2 presents the clinical and laboratory characteristics of the study population stratified according to SPTD at < 32 weeks of gestation. Compared to women who did not deliver spontaneously at < 32 weeks, women who had SPTD at < 32 weeks had a significantly more advanced cervical dilatation, lower mean cervical length at presentation, higher proportion of cervical insufficiency and IAI, a higher rate of administration of tocolytics and antibiotics, and were less likely to receive progesterone therapy and cerclage placement. The mean AF (15/33) 74.1 (20/27) 0.025 Data are presented as means ± standard deviation, the median (range) or % (number). IAI = intra-amniotic infection and/or inflammation, CRP = C-reactive protein, AF = amniotic fluid. a Data for the histologic evaluation of the placenta were available in 60 (62.5%) of the 96 women because in 5 cases, the delivery took place at another institution and in 31 cases, histologic evaluation of the placenta was not performed because of our institutional policy that only the placentas in cases of preterm delivery are to be sent for histopathologic examination. 24.2 ± 3.7 37.1 ± 2.0 < 0.001 Data are presented as means ± standard deviation, the median (range) or % (number). SPTD = spontaneous preterm delivery, CRP = C-reactive protein, IAI = intra-amniotic infection and/or inflammation, AF = amniotic fluid. a Data for the histologic evaluation of the placenta were available in 60 (62.5%) of the 96 women because in 5 cases, the delivery took place at another institution and in 31 cases, histologic evaluation of the placenta was not performed because of our institutional policy that only the placentas in cases of preterm delivery are to be sent for histopathologic examination. levels of C3a and C5a were significantly higher in women who had SPTD at < 32 weeks than in those who did not deliver spontaneously at < 32 weeks. However, there were no significant differences on maternal age, parity, prior spontaneous preterm birth, gestational age at sampling, serum CRP levels, and use of corticosteroids between women who had SPTD at < 32 weeks and those who delivered at ≥ 32 weeks.
As shown in Table 3 , elevated AF level of C3a was significantly associated with an increased risk of IAI even after adjustment for confounders (cervical dilatation and CRP). When all variables with P values of < 0.05 from the univariate analysis were included in the multivariate analysis, the multivariate analysis with SPTD as a dependent variable included 9 independent variables with 44 events in the cohort, with a low event per variable of 4.8. Therefore, we attempted to select candidate variables based on the results of stepwise backward analysis for the primary endpoint and their clinical importance in the literature. In stepwise backward analysis, cervical dilatation, IAI, rescue cerclage, use of antibiotics, and AF C3a levels had the most significant associations with SPTD at < 32 weeks and were, therefore, included in the full multivariate model ( Table 3 ). In the resulting parsimonious multivariate model, elevated AF level of C3a is associated with increased risk of SPTD at < 32 weeks after adjusting for other baseline confounders. No statistically significant associations were found between elevated AF level of C5a and SPTD at < 32 weeks when AF C5a level was entered into the model instead of AF C3a levels (AF C5a; odds ratio [OR], 1.057; 95% confidence interval [CI], 0.957-1.167; P < 0.272). Table 4 shows the clinical and laboratory characteristics of the study population according to disease entity. Compared to women with a short cervix, those with cervical insufficiency delivered significantly earlier and had higher risks of preterm delivery before 32 weeks. The median AF levels of IL-6, but not C3a and C5a, were significantly higher in the women with cervical insufficiency than in those with a short cervix.
DISCUSSION
The results of the current study clearly demonstrate that in women with cervical insufficiency or a short cervix, elevated AF level of C3a, but not C5a, is independently associated with increased risks of IAI and SPTD at < 32 weeks. These observations suggest that complement activation in AF may play an important role in the regulation of the host response to IAI 0.045 AF = amniotic fluid, IAI = intra-amniotic infection and/or inflammation, OR = odds ratio, CI = confidence interval, CRP = C-reactive protein, SPTD = spontaneous preterm delivery.
and in the mechanism of preterm parturition in the context of asymptomatic cervical insufficiency/short cervix. Similar observations have also been reported in the AF and maternal serum of women with preterm labor and intact membranes. [10] [11] [12] 24, 25 Several studies have addressed the influence of microbial invasion of the amniotic cavity on the AF levels of anaphylatoxins in women with preterm labor and intact membranes. Elimian et al. 12 found AF C3 (total protein) to be a predictive factor for intra-amniotic infection. Soto et al., 10 who conducted a cross-sectional study, reported that compared to women with preterm labor with negative AF cultures, those with positive AF cultures had significantly increased median AF levels of complement split products C3a, C4a, and C5a. In accordance with previous studies on women with preterm labor, we also found that an elevated AF level of C3a is independently associated with an increased risk of IAI or both in our population. Taken together, these observations strongly support the participation of C3a in the host immune response against IAI. In fact, these findings are not unexpected, given that 1) during normal pregnancy, the complement system, which comprises a key component of the innate immunity, is found in the AF 10,26 and 2) its activation results in an enzymatic cascade, leading to the production of anaphylatoxins responsible for clearing pathogens and generating an inflammatory response through the production of potent pro-inflammatory mediators. 27 Interestingly, Lynch et al. 28 found that elevated plasma levels of the complement activation fragment C3a in early gestation (< 20 weeks) are an independent predictive factor for SPTD. Similarly, in the AF compartment in asymptomatic women with cervical insufficiency/short cervix, we also found that an elevated AF level of C3a, as measured during mid-trimester, increases the risk of SPTD at < 32 weeks. Further, multivariable analysis demonstrated that this risk is independent of the presence of IAI, which, in the published literature, has been reported to be an important risk factor for SPTD in cervical insufficiency/short cervix. 16, 29 Consequently, our data and the data of Lynch et al. 28 suggest a role for C3a 4 (29/45) 40.0 (6/15) 0.099 Values are given as means ± standard deviation (range) or % (number). SPTD = spontaneous preterm delivery, CRP = C-reactive protein, IAI = intra-amniotic infection and/or inflammation, AF = amniotic fluid, IL = interleukin. a Data for the histologic evaluation of the placenta were available in 60 (62.5%) of the 96 women because in 5 cases, the delivery took place at another institution and in 31 cases, histologic evaluation of the placenta was not performed because of our institutional policy that only the placentas in cases of preterm delivery are to be sent for histopathologic examination.
in the pathogenesis of preterm parturition, independent of its critical role of infection/ inflammation and, thus, complement might be a selective and specific target for therapy to prevent preterm delivery in women with cervical insufficiency/short cervix. Future studies are required to determine whether a neutralizing antibody against a complement regulatory protein at the C3 convertase level would significantly prolong pregnancy in women with cervical insufficiency/short cervix in the context of clinical trials.
We found that neither AF C3a nor C5a levels correlated with cervical dilatation or cervical length. In addition, the AF concentrations of C3a and C5a were not different between women with cervical insufficiency and those with a short cervix, although there may be a likelihood of a type II error (for C3a, β = 0.737, power 0.263; for C5a, β = 0.907, power 0.093) given the small sample size. These findings are in contrast to the results of previous studies on animal models of infection-induced preterm labor, which have shown that anaphylatoxins (C3a and C5a), as observed in the serum, play a crucial role in the cervical remodeling process that ripens and dilates the cervix in preterm labor but not in term labor in mice. 13,14 Also, our unpublished but submitted results on maternal plasma levels of C3a and C5a agree with this data, as plasma C3a and C5a levels were significantly higher in women with cervical insufficiency than in those with a short cervix, and the plasma C3a level was significantly and positively correlated with cervical dilatation. 30 In contrast, pro-inflammatory cytokine levels in AF were significantly higher in the group of women with cervical insufficiency than in the group of women with a short cervix, and had significant correlations with cervical dilatation and cervical length, as shown in the current and previous studies. 16,18,31 Taken together, these findings suggest that the immune system or inflammatory response may play an important role in the mechanisms that lead to cervical insufficiency, but its patterns are markedly different in AF and plasma compartments. Therefore, investigations into mechanisms by which immune system or inflammatory response can modify cervical ripening and dilatation should take into account that differential immune responses may occur according to compartments (plasma, AF, and cervicovaginal swab).
The present study has several limitations. First, the study population comprised individuals with heterogeneous disease entities, even if a short cervix is not the same disease entity as cervical insufficiency. However, this may not alter our main findings, because we took into account the effect of this confounding variable in the univariate and multivariate analyses. Second, the complement activation fragments measured were not fully characterized for 3 initial mechanisms known as the classical, lectin, and alternative pathways. 27,28 Thus, the current study provided no data to determine the complement pathway that is specifically involved in the IAI and SPTD in cases of cervical insufficiency. Third, the study was of a retrospective nature and used a relatively small sample size from a single center, which may limit the generalizability of the study findings. Fourth, not every woman with suspected cervical insufficiency/short cervix who was admitted to our institution underwent amniocentesis. This may cause a concern for a potential selection bias. Fifth, the study subjects were recruited over a period of 10 years in order to collect extensive data despite improvements in medical care (e.g., vaginal progesterone) to prevent preterm births in asymptomatic women during this period. This may modify the impact of various risk factors on SPTD before 32 weeks of gestation. However, it is unlikely that this has altered our main findings because we adjusted for these confounding variables in the multivariate analysis. The strength of the study is that this is the first study, to our knowledge, to examine the association of changes in complement activation fragments present in the AF compartment with IAI and SPTD in women with cervical insufficiency/short cervix.
